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RECTIFIER FOR AIRCRAFT
TURBOMACHINE COMPRESSOR,
COMPRISING AIR EXTRACTION

OPENINGS HAVING A STRETCHED FORM
IN THE PERIPHERAL DIRECTION

This 1s a National Stage application of PCT international
application PCT/FR2017/050374, filed on Feb. 20, 2017

entitled “RECTIFIER FOR AIRCRAFT TURBOMA-
CHINE COMPRESSOR, COMPRISING AIR EXTRAC-
TION OPENINGS HAVING A STRETCHED FORM IN
THE PERIPHERAL DIRECTION”, which claims the pri-
ority of French Patent Application No. 16 51509 filed Feb.
24, 2016, both of which are incorporated herein by reference
in their entirety.

TECHNICAL FIELD

The present invention relates to an aircraft turbomachine,
preferably of the turbojet or turboprop type.

More particularly, the mvention relates to a compressor
stator of the turbomachine, comprising an inner ferrule, an
outer ferrule and stator vanes secured to the two ferrules.

PRIOR ART

Turbomachines are equipped with compressors made by
the alternation of moving wheels and fixed wheels, the latter
being commonly called “rectifiers”. In addition to the stator
vanes and the two ferrules, each rectifier comprises a tlange
integral with a downstream end of the outer ferrule, this
flange being intended to be fixed on a compressor housing
ol the turbomachine.

Usually, the flange 1s traversed by air bleed ports spaced
apart from each other in the circumierential direction of the
rectifier. Thus, a small air flow can escape from the primary
jet passing through the compressor, passing through the
axial clearance between the rectifier and the moving wheel
directly downstream. Then, the air flow taken can circulate
through the bleed ports of the flange, then join other ele-
ments of the turbomachine for ventilation and/or air supply,
to ensure the proper operation of the turbine engine.

The flange equipped with the circular bleed ports 1s
therefore integral with the outer shell, itself secured to the
head of the stator vanes. By way of example, to keep the
stator vanes extending radially inward from the outer shell,
the latter usually comprising a plurality of openings spaced
circumierentially one Ifrom another, and made to pass
through, 1.e. each made i1n the thickness of the ferrule,
generally metallic. Each hole houses the head of one of the
stator vanes, this head being fixed to the outer shell by means
of a solder made 1n said hole, extending continuously all
around the head of the vane. A similar attachment may be
provided between the foot of the stator vanes and the inner
terrule of the rectifier.

Another possible design lies 1n the manufacture of each
rectifier sector 1n one piece, for example by lost-wax casting.

Whatever the design chosen, there 1s a risk of premature
appearance of cracks at the trailing edge of the vane heads.
The explanation of this phenomenon, which 1s detrimental to
the life of the stator vanes, lies in the presence of very high
static/dynamic loads at the trailing edge of the vane head,
which translate into a dynamic margin that 1s too weak,
making the appearance of cracks more likely.

To overcome this drawback, it has been proposed to
thicken the outer shell so as to limit deformations during
operation, and thus reduce the stresses applied to the trailing
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edges of the vane heads. Nevertheless, this solution 1is
extremely unfavourable 1n terms of cost and mass.

It has also been proposed to thicken the vanes, but this
inevitably leads to a disturbance of the air flow therethrough,
with a consequent negative impact on the overall perfor-
mance of the turbomachine.

In the document FR 2 945 331, 1t has also been proposed
to associate each hole housing a vane head with a mechani-
cal deloading slot made through the outer ferrule. The slot
has for example a general shape of U or V, similar to a
horseshoe shape, which allows i1t to release from the
dynamic margin and thus to delay the appearance of cracks.
In this solution, during the deformation of the outer shell
during operation, the heavily loaded zone 1s oflset at the
ends of the deloading slot, 1.e. away from the trailing edge,
even within the outer shell which 1s largely able to support
this load. However, the presence of these mechanical
deloading slots generates aerodynamic disturbances of the
primary flow through the rectifier.

There remains a need to optimize the design of the
compressor rectifiers, so as to limit acrodynamic distur-
bances on the primary jet, while reducing the risk of
occurrence of cracks on the heads of the stator vanes.

SUMMARY OF THE INVENTION

To at least partially meet this need, the subject of the
invention 1s a rectifier for an aircrait turbomachine com-
pressor, said rectifier comprising an inner ferrule, an outer
ferrule and stator vanes integral with the mner and outer
terrules, said stator further comprising a flange integral with
a downstream end of the outer shell and intended to be fixed
on a compressor housing, said flange being provided with air
bleed holes spaced from each other mn a circumierential
direction of the rectifier. According to the invention, at least
one of the air bleed ports 1s circumierentially oblong.

The mvention advantageously provides for associating,
with at least one air bleed port, an additional function of
mechanical unloading of the stator vanes. Indeed, due to the
circumierentially extending shape thereof, the bleed port
makes 1t possibly to substantially deload the trailing edge of
the vane head located radially opposite said port. In addition,
since these bleed ports are located on the flange outside the
primary jet, and no longer on the outer shell defining the
same jet as 1n the prior art, the primary flow 1s not disturbed
by the presence of these means ol mechanmical deloading.

In addition, using existing ports simplifies and speeds up
the manufacturing process. In this respect, it 1s indicated that
by replacing one or more existing circular ports by a
circumierentially oblong port, 1t 1s possible to maintain the
same opening area and therefore the same bleed rate. In
addition, with the invention, 1t 1s perfectly possible to
maintain the existing radial position of the bleed ports,
conducive to a satisfactory tlow of air therethrough. As will
be detailed below, the bleed ports are placed radially out-
ward facing the most mechanically loaded vanes.

The invention furthermore provides at least one of the
following additional features, taken alone or in combination.

Said at least one bleed port has an oblong or generally
rectangular shape.

Said at least one bleed port has a circumierential dimen-
sion Dc and a radial dimension Dr, and the ratio between the
dimensions Dc and Dr 1s between 1.5 and 4.

The flange 1s equipped with circumierentially oblong
bleed ports, as well as circular bleed ports. Alternatively, all
the ports could be circumierentially oblong, removing all the
circular ports.
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The mnvention also relates to a rectifier sector for an
aircrait turbomachine compressor, said rectifier sector coms-
prising an inner ferrule sector, an outer ferrule sector as well
as stator vanes integral with the mner and outer ferrule
sectors, said rectifier further comprising a flange sector
secured to a downstream end of the outer shell sector and for
attachment to a compressor housing, said flange sector being
provided with at least one air bleed port. According to the
invention, said air bleed orifice 1s arranged centrally on the
flange sector circumierentially along the rectifier sector, and
has a circumierentially oblong shape. This makes it possible
to mechanically deload the central vane from the stator
sector, which 1s one of the most statically/dynamically
loaded. In this case, the flange sector may optionally be
equipped with at least one other air bleed port, circular 1n
shape or circumierentially oblong.

The other two most loaded vanes are those arranged at the
circumfierential ends of the rectifier sector. Thus, the inven-
tion also relates to a rectifier sector for an aircraft turboma-
chine compressor, said rectifier sector comprising an ner
ferrule sector, an outer ferrule sector as well as stator vanes
integral with the mner and external ferrule sectors, said
rectifier further comprising a flange sector integral with a
downstream end of the outer ferrule sector and intended to
be fixed on a compressor housing. According to the inven-
tion, said flange sector has a first circumierential end and a
second circumierential end opposite the first, said first end
having a first portion of an air bleed port and said second end
having a second portion of another air bleed port, the first
and second port portions being each open outwardly 1n a
circumfierential direction of the rectifier sector, and the sum
of the circumierential dimensions Dc,, D¢, of the first and
second portions of the ports 1s greater than the radial
dimension Dr of each of these. Consequently, when two
rectifier sectors are arranged end-to-end, a circumierentially
oblong bleed port 1s formed at their junction, which makes
it possible to deload the two end vanes arranged opposite
cach other.

Optionally, said tlange sector 1s also equipped with an air
bleed port arranged centrally and circumierentially, and
having a circumfterentially oblong shape so as to deload the
central vane of the rectifier sector. Alternatively or simulta-
neously, one or more circular air bleed ports could be made
through the flange sector, between said first and second
portions ol ports provided at the ends of said sector.

The mvention also relates to an assembly comprising a
first rectifier sector and a second rectifier sector each having
the design described above, the first and second rectifier
sectors being arranged end-to-end so the second circumier-
ential end of the first rectifier sector 1s juxtaposed to the first
circum{ierential end of the second rectifier sector, and so that
said air bleed port formed jointly by the second orifice
portion of the first rectifier sector and the first orifice portion
ol the second rectifier sector, has a circumierentially oblong
shape. As indicated above, this makes 1t possible to
mechanically deload the two end vanes arranged facing each
other, at the junction between the two rectifier sectors.

The assembly 1s preferably designed so that said bleed
port 1s circumiferentially cantered with respect to a pair of
end trailing edges formed on the one hand by means of a
trailing edge of the stator vane at the second circumierential
end of the first rectifier sector, and secondly with a trailing
edge of the stator vane at the first circumierential end of the
second rectifier sector. To arrive at such an arrangement
when the two trailing edges at the end of the same sector are
not arranged symmetrically with respect to a median plane
of this sector, the first and second portions of ports prefer-
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ably have different circumierential dimensions Dc,, Dc,.
Alternatively, these dimensions Dc, and Dc, may be 1den-
tical, without departing from the scope of the invention.

Finally, the subject of the invention i1s an aircrait turb-
omachine comprising a compressor equipped with at least
one such rectifier, or at least one such rectifier sector, or at
least one such set of two rectifier sectors.

Other advantages and {features of the invention will

become apparent in the detailed non-limiting description
hereinatter.

BRIEF DESCRIPTION OF THE DRAWINGS

This description will be made with reference to the
appended drawings among which;

FIG. 1 shows a longitudinal sectional view of an aircraift
turbomachine according to the ivention;

FIG. 2 shows a partial longitudinal sectional view of the
high pressure compressor equipping the turbomachine
shown 1n the previous figure;

FIG. 3 1s a perspective view ol a rectifier sector for
forming a portion of a rectifier of the high pressure com-
pressor shown 1n the preceding figure, the sector being 1n the
form of a first preferred embodiment;

FIG. 4 1s a partial front view of the rectifier sector shown
in the previous figure;

FIG. 5 1s a view similar to that of FIG. 3, with the rectifier
sector being in the form of a second preferred embodiment;

FIG. 6 shows a set of two rectifier sectors of the type of
that shown i FIG. 5, arranged end-to-end;

FIG. 7 shows an enlarged rear view of the junction
between the two rectifier sectors shown in the previous
figure; and

FI1G. 8 1s a view similar to that of FIG. 3, with the rectifier
sector being in the form of a third preferred embodiment.

DETAILED DISCLOSURE OF THE PREFERRED
EMBODIMENTS

Referring firstly to FIG. 1, an aircraft turbomachine 100
1s shown on which the invention 1s to be integrated. This 1s
a turbojet engine with double flow and double body. Nev-
ertheless, 1t could be a turbomachine of another type, for
example a turboprop, without departing from the scope of
the 1nvention.

The turbomachine 1 has a longitudinal axis 3 around
which 1ts various components extend. It comprises, from
upstream to downstream in a main direction of gas flow
through said turbomachine, a fan 2, a low pressure com-
pressor 4, a high pressure compressor 6, a combustion
chamber 8, a high-pressure turbine 10 and a low-pressure
turbine 12. These elements define a primary jet 14 crossed
by a primary stream 14', while a secondary jet 16 surrounds
the primary jet being partially defined by a fan casing 18 and
traversed by a stream of air secondary 16'.

FIG. 2 shows a part of the high-pressure compressor 6,
and 1n particular the third stage thereof formed by a rectifier
1 according to the mvention, as well as by a mobile wheel
20 carrying rotor vanes 22. The mobile wheel 20 1s located
downstream of the rectifier 1, with respect to a main
direction 7 of flow of the primary flow 14' through the
rectifier.

The rectifier 1 comprises an mnner ferrule 24 and an outer
terrule 26, both cantered on the axis 3. In this respect, 1t 1s
noted that the terms “inside” and “‘outside™ are to be con-
sidered 1n a conventional manner, that 1s to say with respect
to the axis 3. The rectifier also comprises stator vanes 28,
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28", 28" distributed circumierentially and secured to the
terrules 24, 26. Also conventionally, each vane blade has a
lower face and an extrados face, and a leading edge
upstream and a trailing edge downstream. More specifically,
the foot of each vane 28, 28', 28" 1s integral with the inner
terrule 24, while the head 1s integral with the outer ferrule
26. It 1s preferably a single piece obtained by casting, for
example by lost-wax casting.

The inner ferrule 24 internally carries an abradable coat-
ing 30 engaging with wipers 32 rigidly connected in rotation
with the mobile wheel 20. The wipers 32 and the abradable
coating 30 together form, 1 a conventional manner, a
labyrinth seal.

The rectifier 1 further comprises a flange 34 for attach-
ment thereof to a compressor housing 36. The flange 34 1s
integral with a downstream end of the outer ferrule 26, for
example made 1 one piece with said ferrule. At the outer
radial end thereof, the flange 34 has a plate 38 for fixing
same by bolts 42 to a plate 40 secured to the compressor
casing 36. The bolts 42 thus pass through the fixing holes
made through the plates 38, 40, same being oriented sub-
stantially transversely. The central portion of the flange 34 1s
oriented 1n an 1inclined manner with respect to the axial and
radial directions of the turbomachine. It 1s also equipped
with air bleed ports 50, spaced from each other in a
circumierential direction 52 of the rectifier 1. In this case,
the bleed ports 50 open access to an annular cavity 56
defined by the outer shell 26, the compressor casing 36 and
the tflange 34. It 1s noted that unlike the outer ferrule 26, the
flange 34 does not participate in the definition of the primary
jet 14.

In operation, a low air tlow 38 escapes from the primary
jet 14 while passing through the axial clearance 39 between
the rectifier and the mobile wheel directly downstream.
Then, the air tflow taken can circulate through the bleed ports
50 of the flange, then join other elements of the turboma-
chine for ventilation and/or air supply, to ensure the proper
operation of the turbomachine.

As will be detailed below, one of the peculiarities of the
invention lies 1in the oblong shape of all or part of the bleed
ports 50, 1n the circumierential direction 52.

FIGS. 3 and 4 show a rectifier sector 1a according to a
first preferred embodiment of the invention. This sector 1a

1s mtended to form an angular or circumierential portion of

the rectifier 1. In other words, the rectifier 1 1s intended to
be formed by the end-to-end assembly of several sectors 1a

of the type that will be presently described, and each of

which 1s preferably made in one piece by casting, for
example by lost-wax casting.

The sector 1a comprises an 1nner ferrule sector 24a and an
outer ferrule sector 26a, both cantered on the axis 3. It also
comprises stator vanes 28, 28', 28" distributed circumieren-
tially and secured to the ferrules 24a, 26a, for example,
between five and twenty of these vanes being provided.

The rectifier sector 1a further comprises a flange sector
344 for fixing 1t to a compressor housing. The tlange sector
34a 1s secured to a downstream end of the outer ferrule
sector 26a, having a fastening plate sector 38a at the outer
radial end thereof. Although not shown, the plate sector 38a
serves for bolt fixing of the rectifier sector 1a on to the
compressor housing.

The central portion of the flange sector 34 1s equipped
with air bleed ports 50, for example three ports spaced apart
from one another in the circumierential direction 52 of the
rectifier 1.

The two ports 30 located near the ends of the rectifier
sector 1a are for example of conventional circular shape. On
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the other hand, the bleed port 50 cantered on the flange
sector 1n the circumierential direction 32 has an oblong
shape along this same direction. By oblong shape, 1t 1s
understood that the air bleed port 50 has a circumierential
dimension D¢ which 1s greater than its radial dimension. The
ratio between the dimensions Dc and Dr can be between 1.5

and 4, for example, so as to have an oblong shape, or
generally rectangular shape with rounded corners.

The central bleed port 50 1s more precisely cantered with
respect to a trailing edge 60 of the central vane of the sector
1a, referenced 28'. In other words, this port 530 extends on
either side of the trailing edge 60 along a circumierential
half-dimension Dc/2. By trailing edge, 1t 1s understood the
portion of the trailing edge located at the top of the blade of
the vane, at the junction with the outer ferrule 26a. This
arrangement makes 1t possible to satisfactorily deload this
central blade 28', which 1s one of the most mechanically
loaded during operation. This way of deloading the vane 28"
1s advantageous 1n that 1t makes 1t possible to maintain an
identical section of air bleed by replacing two or more
circular bleed ports 1 a single port 50, oblong circumfier-
entially. It 1s also advantageous in that 1t does not disturb the
flow of the primary stream 14' in the jet 14, and in that the
radial positioning of the ports 50 can be retained relative to
the existing one.

According to a second embodiment shown 1n FIG. §, the
flange sector 1a comprises a first circumferential end 70, as
well as a second circumierential end 70, opposite the first
end 1n the circumferential direction 32. The first end 70,
comprises a first portion 50, of an air bleed port, and the
second end 70, has a second portion 50, of another bleed
port. These two portions 50,, 50, are each open outwardly
in the circumierential direction 52. They respectively have
circumferential dimensions Dc,, Dc, whose sum 1s greater
than the radial dimension Dr of each of them. It 1s noted that
the ratio between the sum of the circumierential dimensions
Dc, and Dc,, and the dimension D, i1s preferably between
1.5 and 4.

In the present case, the two circumierential dimensions
Dc,, Dc, are different, the second being higher than the first.

The rectifier sector 1a 1n this case can also include two
circular air bleed ports 50.

FIG. 6 shows an assembly 72 corresponding to the
assembly of a first rectifier sector 1a arranged end-to-end
with a second rectifier sector, referenced 15 and having a
design 1dentical or similar to that of the first sector 1a. In this
regard, 1t 1s noted that the opposite ends 70,, 70, are
juxtaposed, also called adjacent, but they are preferably not
fixed directly to one another. Indeed, the attachment of the
two sectors la, 15 1s eflected on the same casing, which
allows obtaining an indirect attachment between these oppo-
site ends.

Once assembled, 1t forms at the junction between the two
sectors 1la, 156 an air bleed port 50 of circumierentially
oblong form. This port 50 1s formed jointly by the second
portion 50, of the first sector 1a and by the first portion 50,
of the second sector 15, these two portions being of comple-
mentary shape. The port 50 then has a circumierential
dimension Dc corresponding to the sum of the circumfier-
ential dimensions Dc,, Dc,, as well as a radial dimension D..

The assembly 72 1s designed such that the recomposed air
bleed port 50 1s cantered in the circumierential direction 52
with respect to a pair of end trailing edges 68. This pair,
shown 1n FIG. 7, 1s formed on the one hand using a trailing
edge 68 of the stator vane 28" located at the second
circumierential end 70, of the first rectifier sector 1a, and
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secondly using a trailing edge 68 of the stator vane 28"
located at the first circumferential end 70, of the second
sector 1b.

The bleed port 50, located radially opposite this pair of
trailing edges 68, thus extends circumierentially on either
side of this pair along two substantially 1dentical circumier-
ential dimensions Dc'. This makes 1t possible to deload
satisfactorily the two end vanes 28", which are also very
mechanically loaded.

Finally, the rectifier sector 1a shown in FIG. 8 corre-
sponds to a third embodiment, combining the first and
second embodiments. It therefore comprises a circumieren-
tially oblong central bleed port 50, to which 1s added a first
portion 50, of an air bleed port made on the first end 70, and
a second portion 50, of another air bleed port provided on
the second end 70,. In this third embodiment, the portions
50,, 50, may be of the same or different circumierential
lengths.

Of course, various modifications may be made by those
skilled 1n the art to the invention which has just been
described, solely as non-limiting examples.

What 1s claimed 1s:

1. A rectafier for an aircrait turbomachine compressor, said
rectifier comprising an mner ferrule, an outer ferrule and
stator vanes rigidly connected to the inner and outer ferrules
said rectifier further comprising a flange rigidly connected to
a downstream end of the outer ferrule and for attachment to
a compressor casing, said flange being provided with air
intake ports spaced from each other 1n a circumierential
direction of the rectifier, wherein said flange 1s outwardly
protruding from said outer ferrule and said air intake ports
are arranged through said flange at a location radially
outside of said outer ferrule, and

wherein at least one of the air intake ports has a shape

stretched 1n the circumferential direction, and
wherein both an 1nlet and an outlet of the air intake ports
are outside a primary jet.

2. The rectifier according to the claim 1, wherein said at
least one intake port has an oblong or generally rectangular
shape.

3. The rectifier according to claim 1, wherein said at least
one 1ntake port has a circumierential dimension D¢ and a
radial dimension Dr, and in that the ratio between the
dimensions Dc and Dr 1s between 1.5 and 4.

4. The rectifier according to claim 1, wherein the flange 1s
provided with intake ports that are oblong 1n the circumier-
ential direction, as well as circular intake ports.

5. A rectifier sector for an aircraft turbomachine compres-
sor, said rectifier sector having an inner ferrule sector, an
outer ferrule sector as well as stator vanes rigidly connected
to the 1inner and outer ferrule sectors, said rectifier sector
turther comprising a flange sector rigidly connected to a
downstream end of the outer ferrule sector and 1ntended to
be attached to a compressor housing, said flange sector being
provided with at least one air intake port,

wherein said air intake port 1s centrally disposed on the

flange sector 1n a circumierential direction of the rec-
tifier sector, and has a shape oblong along said circum-
ferential direction, and

wherein both an 1nlet and an outlet of said air intake port

are outside a primary jet.
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6. The rectifier sector according to claim 5, wherein the
flange sector 1s also equipped with at least one circular air
intake port.

7. A rectifier sector for an aircraft turbomachine compres-
sor, said rectifier sector having an mner ferrule sector, an
outer ferrule sector as well as stator vanes rigidly connected
to the 1inner and outer ferrule sectors, said rectifier sector
further comprising a flange sector rigidly connected to a
downstream end of the outer ferrule sector and intended to
be attached to a compressor housing,

wherein said flange sector has a first circumierential end

and a second circumierential end opposite the first end,
said first end having a first portion of an air intake port
and said second end having a second portion of another
air intake port, the first and second port portions each
being open outwardly 1n a circumiferential direction of
the rectifier sector, and 1n that the sum of the circum-
ferential dimensions Dc,, Dc, of the first and second
portions of the ports 1s greater than the radial dimension
Dr of each of them, and

wherein both an inlet and an outlet of the air intake port

are outside a primary jet.

8. The rectifier sector according to claim 7, wherein said
flange sector 1s also equipped with an air intake port
arranged centrally 1n the circumierential direction and hav-
ing an oblong shape 1n the circumierential direction, or 1n
that said flange sector 1s also equipped with one or more
circular air bleed ports.

9. An assembly comprising a first rectifier sector and a
second rectifier sector each of which according to claim 7,
the first and second rectifier sectors being arranged end-to-
end so that the second circumierential end of the first
rectifier sector 1s juxtaposed with the first circumierential
end of the second rectifier sector, and 1n that said air intake
port jointly formed by the second port portion of the first
rectifier sector and the first port portion of the second
rectifier sector has an oblong shape in the circumierential
direction, the assembly being designed so that said intake
port 1s centred 1n the circumierential direction with respect
to a pair of end trailing edges formed by a trailing edge of
the stator vane located at the second circumierential end of
the first rectifier sector, and by a trailing edge of the stator
vane located at the first circumierential end of the second
rectifier sector.

10. An aircrait turbomachine comprising a compressor
equipped with at least one rectifier according to claim 1.

11. An aircraft turbomachine comprising a compressor
equipped with at least one rectifier sector according claim 4.

12. An aircraft turbomachine comprising a compressor
equipped with at least one rectifier sector according to claim
6.

13. An aircraft turbomachine comprising a compressor
equipped with at least one assembly according to claim 9.

14. The rectifier sector according to claim 5, wherein said
air intake port 1s arranged through said flange sector at a
location radially outside of said outer ferrule sector.

15. The rectifier sector according to claim 7, wherein said
first portion of an air intake port and said second portion of
another air intake port are arranged through said flange
sector at a location radially outside of said outer ferrule
sector.
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